Abstract. Imatinib (IMT), an anticancer agent, inhibits receptor tyrosine kinases and is characterized by poor aqueous solubility, extensive first-pass metabolism, and rapid clearance. The aims of the current study are to prepare imatinib-loaded solid lipid nanoparticles (IMT-SLN) and study the effects of associated formulation variables on particle size and drug encapsulation on IMT-SLN using an experimental design. IMT-SLN was optimized by use of a Bcombo^approach involving Plackett-Burman design (PBD) and Box-Behnken design (BBD). PBD screening resulted in the determination of organic-toaqueous phase ratio (O/A), drug-to-lipid ratio (D/L), and amount of Tween® 20 (Tw20) as three significant variables for particle size (S z ), drug loading (DL), and encapsulation efficiency (EE) of IMT-SLN, which were used for optimization by BBD, yielding an optimized criteria of O/A=0.04, D/L=0.03, and Tw20=2.50%w/v. The optimized IMT-SLN exhibited monodispersed particles with a size range of 69.0±0.9 nm, ζ-potential of −24.2±1.2 mV, and DL and EE of 2.9±0.1 and 97.6±0.1%w/w, respectively. Results of in vitro release study showed a sustained release pattern, presumably by diffusion and erosion, with a higher release rate at pH 5.0, compared to pH 7.4. In conclusion, use of the combo experimental design approach enabled clear understanding of the effects of various formulation variables on IMT-SLN and aided in the preparation of a system which exhibited desirable physicochemical and release characteristics.
INTRODUCTION
Imatinib (IMT) is an inhibitor of receptor tyrosine kinases with highly potent and specific inhibitory activity against BCR-ABL fusion gene, platelet-derived growth factor receptor (PDGFR), and c-KIT receptor (1) . The highly specific antiproliferative activity of IMT provides strong foundations for its applications to targeted cancer chemotherapy. However, the free base of IMT is practically insoluble in water (0.001 g/100 ml), undergoes extensive first-pass metabolism by cytochrome P450 enzymes, and shows rapid clearance with an elimination half-life of~18 h (2) , which lead to poor bioavailability, ultimately limiting its applicability to clinical settings (3) . The mesylate salt of IMT, which is marketed by Novartis as Gleevec®, has been approved by FDA for the treatment of Philadelphia chromosome-positive chronic myeloid leukemia (Ph + CML), myelodysplastic/ myeloproliferative diseases associated with PDGFR gene rearrangements, aggressive systemic mastocytosis, hypereosinophilic syndrome, chronic eosinophilic leukemia, dermatofibrosarcoma protuberans, and malignant gastrointestinal stromal tumors (4) .
Solid lipid nanoparticles (SLNs), which are lipid-based nanocarriers composed of a solid lipid core, have been studied extensively in recent years for use in the administration of a large variety of drugs and genetic materials, as monotherapy and in combination, by various routes of administration (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Such extensive investigations of SLN have been encouraged by the fact that SLN combines the characteristics of different carrier systems, without the various drawbacks often associated with conventional carrier systems. Accordingly, tremendous potential of SLNs to overcome bioavailability issues of drugs exhibiting poor aqueous solubility, extensive first-pass metabolism, and/or rapid renal clearance has been demonstrated. Consequently, SLNs are considered to have great potential for delivery of such medications via oral, parenteral, and other routes of administration (3, 6) .
Design of experiments (DoE) approach has been an extremely useful tool for defining design spaces around individual or multiple unit operations, which is an important component of control strategy for quality by design (QbD) (15) . DoE can be used in construction of a predictive model of the critical response variables, thereby facilitating identification of all potential independent variables and their simultaneous systematic and rapid evaluation (16) . Optimization strategy for a multivariate process, particularly where the number of variables is extremely large, requires an experimental design consisting of an initial screening (usually by fractional factorial design and Plackett-Burman design), followed by optimization using a response surface design, such as Box-Behnken design and central composite design (17, 18) .
The current study used a Bcombo^experimental design approach utilizing Plackett-Burman design and Box-Behnken design for the optimization and preparation of SLN loaded with IMT as an anticancer agent having poor aqueous solubility for characterization of the optimized IMT-SLN and study of its in vitro release characteristics.
MATERIALS AND METHODS

Materials
IMT was obtained from LC Laboratories (Woburn, MA, USA). Precirol® ATO 5 (PcA, glyceryl distearate) was obtained from Gattefosse (St. Priest, France), while Tween® 20 (TwN, polysorbate 20) and lecithin (LcN) were purchased from Samchun Chemicals (Seoul, Korea) and Junsei (Tokyo, Japan), respectively. Deionized water was freshly prepared as per requirement using a Milli-Q water purification system (Millipore, MA, USA). Other chemicals were reagent grade and were used without further purification.
Methods
HPLC Analysis for Imatinib
Method for quantification of IMT was developed by modification of a previously reported HPLC method (19) . The HPLC system (Hitachi, Tokyo, Japan) consisted of an L-2130 pump, an L-2200 autosampler, an L-2420 UV-vis detector, and an L-2350 column oven devised using EZChrom elite software (version 318a). An Inertsil C 8 column (250×4.6 mm, 5 μm particle size; GL Sciences Inc., Tokyo, Japan) was employed under isocratic elution using 0.02 M monobasic potassium phosphate/acetonitrile (6:4, v/v) as the mobile phase at a flow rate of 1.0 ml/min and column temperature of 25.0±1.0°C. For each analysis, a 20-ml aliquot of the sample was injected and the UV absorbance was measured at a wavelength of 265 nm. The calibration plots exhibited exceptional linearity (R 2 =0.999) over a concentration range of 0.1-100 μg/ml and the relative standard deviation (RSD) of the plot over different periods of time was below 3%.
Preparation of IMT-SLN
IMT-SLN was prepared by hot homogenization method consisting of homogenization and sonication. The method was developed by modification of previously reported methods for preparation of SLN (5) (6) (7) (20) (21) (22) (23) . Briefly, the solid lipid (PcA) was dissolved at 70°C and mixed with LcN to constitute the organic phase, to which IMT was added and dissolved by stirring at 50 rpm for 10 min. For the aqueous phase, TwN was dissolved in purified water and heated to 70°C. The aqueous phase was added to the organic phase using a 10-ml disposable syringe and homogenized using high-performance homogenizer (ULTRA-TURRAX® T25, IKA). The resulting primary emulsion was sonicated using a probe sonicator (Vibra-Cell™, SONICS) and cooled in an ice bath for 3 h to obtain IMT-SLN. Blank SLN was prepared using the same procedure, omitting the addition of IMT.
Plackett-Burman Design
An 11-factor Plackett-Burman design (PBD) at two levels was utilized for initial screening of the main effects of seven variables (Table I) on particle size (S z ; y 1 ), drug loading (DL; y 2 ), and encapsulation efficiency (EE; y 3 ) of IMT-SLN. The lower and upper levels of the seven variables were selected on the basis of prior preliminary experiments. Using Design-Expert® 8.0.7.1 software (Stat-Ease Inc., Minneapolis, MN, USA), 12 experimental runs were generated and were conducted randomly. Variables that exhibited significant main effects by PBD on the specified responses were selected for further optimization of main effects, interaction effects, and quadratic effects by BoxBehnken design.
Box-Behnken Design
A three-factor Box-Behnken design (BBD) was employed to optimize the main effects, interaction effects, and quadratic effects of the formulation variables on S z (Y 1 ), DL (Y 2 ), and EE (Y 3 ) of IMT-SLN. The upper and lower levels, along with the central point, of the three variables are shown in Table I . Using Design-Expert® software, 17 experimental runs were generated, which included five center point replicates. The purpose of inclusion of the recommended center point replicates is to ensure that the design gives a good estimate of experimental error and to provide an accurate test for lack of fit. The results for each of the response factors were fitted to a quadratic polynomial model described by the following non-linear equation. where Y is the individual response factor or dependent variable; β 0 -β 9 are regression coefficients; and X 1 , X 2 , and X 3 are the independent variables.
Optimization Using Desirability Functions
Following establishment of relationships between dependent and independent variable via model polynomials, all three responses were optimized by use of the desirability functions approach (24) using Design-Expert® software. Using the desirability functions approach, each response i is associated with its own partial desirability function (d i ), which varies from 0 to 1 depending on the closeness of the response to its target value, i.e., desirability equal to 0 corresponds to the point farthest from the target value while that equal to 1 corresponds to the point closest to the target value.
For maximization of response, the desirability function can be defined as
For minimization of response, the desirability function can be defined as
Here, d i represents individual desirability of the response, Y i represents the experimental value of the response, and Y min and Y max represent the minimum and maximum acceptable values of the response, respectively. The values of s and t (varying from 0.1 to 10) are specified depending on how close the solution is desired from the stated target, i.e., a value of 10 will cause the optimization to seek a solution close to or beyond the stated target. For the purpose of optimization of the IMT-SLN formulation, a value of 1 was specified to both s and t.
Particle Size, Polydispersity Index, and ζ-Potential
The hydrodynamic size, polydispersity index (PDI), and ζ-potential of the IMT-SLN system was determined by dynamic light scattering (DLS) technique using a Nano-S90 ZetaSizer (Malvern Instruments, Worcestershire, UK). The measurements were performed at a fixed scattering angle of 90°and at an equilibrated temperature of 25°C. Each sample was adequately diluted with distilled water prior to measurement, and three measurements were performed for each sample.
Drug Loading and Encapsulation Efficiency
DL and EE were determined by ultracentrifugation. A 2-ml aliquot of IMT-SLN was placed in an Amicon® Ultra-4 10K centrifugal filter device (molecular weight cutoff 10 kDa; Merck Millipore Ltd., Ireland), centrifuged at 2000g for 10 min, and the filtrate was analyzed for free drug by HPLC quantification as described in the previous section. DL and EE were calculated using the following formulae:
Here, W T , W U , and W L denote weight of initially added total drug, weight of unbound drug, and weight of total lipid, respectively.
Transmission Electron Microscopy
Transmission electron microscopy (TEM) was employed to examine the size and morphology of the IMT-SLN. A drop of the formulation was deposited onto a copper grid coated with a carbon film, and the particles were subjected to negative staining by 2%w/v phosphotungstic acid. The sample was then appropriately dried under mild to moderate infrared radiation and observed under an H7600 transmission electron microscope (Hitachi, Tokyo, Japan).
Freeze-Drying
IMT-SLN, along with blank SLN, was pre-frozen at −70°C for 6 h and subsequently lyophilized (freeze-dried) at −40°C for 24 h using an EYELA® Freeze Dryer (Tokyo Rikakikai Co. Ltd., Tokyo, Japan). Upon completion of freeze-drying, the samples were allowed to dry for an additional 12 h at 20°C.
Differential Scanning Calorimetry
Freeze-dried IMT-SLN and blank SLN were used for solid-state characterization by differential scanning calorimetry (DSC). A DSC-Q200 differential scanning calorimeter (TA Instruments, New Castle, DE, USA) was used for observation of thermal characteristics of IMT-SLN, blank SLN, and IMT. DSC scans were performed by heating all samples from 20 to 250°C, at a heating rate of 20°C/min in a dynamic nitrogen atmosphere.
X-Ray Diffraction
A vertical goniometer and X-ray diffractometer (X'pert PRO MPD diffractometer, Almelo, The Netherlands) was used to observe the X-ray diffraction (XRD) patterns of freeze-dried IMT-SLN, blank SLN, and IMT. The diffractometer measured Ni-filtered CuKα-radiation (voltage 40 kV; current 30 mA) scattered in the crystalline regions of the sample. XRD scans were performed over a diffraction angle (2θ) range of 10-60°and a scanning rate of 5°/min.
Physical Stability Study
Physical stability of the IMT-SLN system was assessed by recording changes in S z , PDI, and EE over a period of 60 days upon storage at two different temperatures, 4 and 22°C. An aliquot of the sample was taken after 0, 1, 2, 4, 7, 15, 30, and 60 days of storage and S z /PDI and EE were determined by DLS characterization and centrifugation method, respectively.
In Vitro Release Study
In vitro release study was performed by dialysis method at pH 7.4 and pH 5.0, using phosphate-buffered saline (PBS) and acetate buffer solution (ABS) as respective release media. Briefly, 2 ml aliquots of IMT-SLN (equivalent to 2.5 mg of IMT) were placed in dialysis bags (molecular weight cutoff Insignificant factors were excluded from the model to obtain a better fit *Not significant at p<0.1 3.5 kD), previously hydrated overnight in respective release media. The dialysis bags were clipped at both ends and then kept in a USP Type II dissolution apparatus containing 400 ml of respective release media (with 1%w/v TwN), maintained at a temperature of 37±0.5°C. The paddles were operated at 50 rpm, and 2 ml of the medium was withdrawn at defined time intervals and replaced with the same amount of fresh release medium each time. HPLC was performed to determine the content of IMT in each sample.
Statistical Analysis
All data were expressed as mean±SD (n=3). Data obtained from the experiments designed using Box-Behnken design were analyzed by ANOVA, lack-of-fit tests, and multiple correlation coefficients. Student's t test was used to test the statistical significance wherever applicable.
RESULTS AND DISCUSSION
Preparation of IMT-SLN
Hot homogenization technique was employed for preparation of IMT-SLN, which involved homogenization and subsequent probe sonication. While the solid lipid core was composed of glyceryl distearate (PcA), LcN was used as a hydrophobic emulsifier. In addition, TwN (polysorbate 20), a polyoxyethylene derivative, was used as a hydrophilic surfactant. The hydrophilic polyoxyethylene polymer, along with the hydrophobic LcN, confers a highly protective amphiphilic stealth outer cover to the SLN, which provides longcirculating properties to the carrier system by evading clearance by the reticuloendothelial system (25, 26) . The longcirculating carriers act as circulating drug reservoirs in blood and aid passive targeting. These characteristics are highly beneficial for cancer chemotherapy (27) . The scheme of the IMT-SLN system is shown in Fig. 1 .
Plackett-Burman Design
PBD was used for screening variables among the lot which showed no significant influence on SLN characteristics. PBD is a two-level screening design, which enables the examination of a relatively large number of variables in a relatively small number of experiments (17) . It is recommended for study of the main effects, assuming absence of interaction effects. It is also useful for ruggedness testing, where the aim is to determine whether the given factors have little or no impact on a given response. An 11-factor PBD was employed to study the main effects of the seven independent variables, employing four dummy variables to make up the 11 factors. The PBD matrix generated using Design-Expert® software, along with the observed response values, has been shown in Table II . The respective PDI for each of the 12 runs, which were highly acceptable (<0.300) in all cases, are also included in the table. The effects of the seven independent variables on S z , DL, and EE are illustrated in Fig. 2 . As evident from the illustration, amount of Tween® 20 (Tw20) and organic-to-aqueous phase ratio (O/A) showed significant main effects on S z , while drug-to-lipid ratio (D/L) showed significant main effects on DL and EE. Based on this observation, O/A, D/L, and Tw20 were selected as three variables for further optimization by employing Box-Behnken design.
Box-Behnken Design
The most significant factors, usually after determination from a screening experiment or from experience, are subjected to detailed examination using a suitable response surface design approach to obtain optimal conditions for each factor (17) . Therefore, BBD was used to optimize the main effects, interaction effects, and quadratic effects of three independent variables, viz. O/A (X 1 ), D/L (X 2 ), and Tw20 (X 3 ) on three response variables, S z (Y 1 ), DL (Y 2 ), and EE (Y 3 ). The 17 experimental runs, generated using Design-Expert® software, were as represented by the BBD matrix in Table III . The runs, as entailed by the BBD matrix, were conducted simultaneously. The corresponding values of the response variables observed were as summarized alongside each run in the BBD matrix shown in Table III , which also includes the corresponding PDI values. Each response was individually fitted to a second-order quadratic model. Various statistical parameters Tables IV and V. At a significance level of 5%, models corresponding to all three responses, Y 1 , Y 2 , and Y 3 , showed a good fit to the quadratic model, as can be confirmed by their respective model p values shown in Table IV . In addition, the lack of fit for each model was insignificant (p value >0.1). Insignificant lack of fit is desirable to reaffirm that a model exhibits good fitting to the corresponding response. The correlation coefficient (R 2 ) value and the adequate precision value, a measure of signal to noise ratio, were also adequately large for each of the three responses ( Table V) . The significant individual model terms are also included in Table IV . The factor terms X 2 2 and X 3 2 indicate quadratic effects while X 1 X 2 and X 1 X 3 indicate interaction effects. To ensure a better fit, factor terms representative of interaction and quadratic effects insignificant at p<0.1 have been excluded from the model. From Table IV , we can observe that O/A (X 1 ) and Tw20 (X 3 ) exhibit significant main effects on S z (Y 1 ) at p<0.05, with Tw20 having a slightly more prominent main effect on S z than O/A as indicated by its relatively larger F value. Tw20 also exhibits significant quadratic effects (X 3 2 ) on S z at p<0.05. Similarly, D/L (X 2 ) and Tw20 (X 3 ) exhibited significant main effects on DL (Y 2 ) as well as EE (Y 3 ) at p<0.05.
and O/A-Tw20 (X 1 X 3 ) exhibited significant interaction effects, while Tw20 (X 3 2 ) exhibited significant quadratic effects on both DL and EE at p<0.05.
Factor coefficients representing quantitative effects of the independent variables X 1 , X 2 , and X 3 on the responses Y 1 , Y 2 , and Y 3 are shown in Table VI , which, upon consideration along with the findings of the prior statistical evaluations, prompt the conclusion that X 1 had a significant positive main effect and X 3 had a significant negative main effect on Y 1 , while X 2 and X 3 had significant positive main effects on both Y 2 and Y 3 . X 1 -X 2 had significant positive interaction effects on both Y 2 and Y 3 , while X 1 -X 3 had significant negative interaction effects on both Y 2 and Y 3 . X 3 had a significant positive quadratic effect on Y 1 , while it had a significant negative quadratic effect on Y 2 and Y 3 . All observations were in good agreement with those of previously reported studies (28) (29) (30) .
Response Surface Analysis
Response surface analysis, aided by three-dimensional response surface plots (Fig. 3) , was employed to further elucidate the relationships between the dependent and independent variables deemed statistically significant. A 3-D response surface plot is a graphical representation of a regression equation exhibiting changes in response variable against two independent variables at a time, keeping the other variables fixed at their middle levels. Figure 3a depicts the effects of O/A and Tw20 on S z , where S z increases with an increase in O/A while it decreases with an increase in Tw20. This was in good agreement with previous reports (28, 30, 31) . The reason for increase in S z with increase in O/A could be that viscosity of the dispersion increases with increase in lipid fraction, leading to higher surface tension and ultimately larger particle size. The reason for decrease in S z as a result of increased Tw20 could be that higher content of surfactant reduces the interfacial tension more effectively, thereby resulting in smaller particle sizes (28) . Figure 3b depicts the effects of D/L and Tw20 on DL, where DL increases with an increase in D/L, in line with previous study reports (28, 29, 31) . Figure 3c depicts the effects of D/L and Tw20 on EE, where with an increase in D/L, EE also increases; with an increase in Tw20, EE initially increases and then decreases. The results of EE were also in good agreement with those of previously reported studies (28) .
Optimization Using Desirability Function
Generation of model polynomials to establish the relationship between dependent and independent variables was followed by subsequent optimization of the three responses using a desirability function approach for optimization of multiple responses introduced by Derringer and Suich. The three responses Y 1 , Y 2 , and Y 3 were transformed into individual desirability d 1 , d 2 , and d 3 , respectively. All three variables, X 1 , X 2 , and X 3 , were set in range and goals were defined for each response. The goal defined for Y 1 was minimization, while the goal for Y 2 and Y 3 was maximization. Equal weights and importance were assigned to each of the three responses. Consequently, a number of solutions, ordered by their desirability value, were generated. The solution showing the Fig. 4 . Characterization of the IMT-SLN system: a particle size distribution and b transmission electron microscopy (TEM) imaging Table VII . As shown in Table VII , all of the observed response values were in good agreement with the predicted values, with reference to the standard error of prediction. This indicates that the experimental design approach closely predicted the relationships between the dependent and independent variables and was helpful in establishing a model for successful optimization of the IMT-SLN system.
Characterization of IMT-SLN
The particle size distribution of the optimized IMT-SLN system is shown in Fig. 4a . The particles showed an excellent size of 69.0±0.9 nm, with PDI within an acceptable range of 0.219±0.015. The ζ-potential of the optimized system, which is indicative of surface charge of the particles, was −24.2±1.2, and DL and EE were 2.9±0.1 and 97.6±0.1, respectively. TEM images of the IMT-SLN system are shown in Fig. 4b , which clearly illustrate that the particles were distinct and spherical and had an average size of approximately 70 nm, consistent with the data obtained by DLS characterization. The spectacularly small particle size of IMT-SLN was potentially advantageous for passive tumor targeting of the drug specifically to the tumor tissues by enhanced permeability and retention (EPR) effect. Nanocarriers with particle sizes below 200 nm are reported to be ideally suitable for exploitation of the EPR effect (32, 33) .
DSC and XRD constituted the solid-state characterization of IMT-SLN. As illustrated in Fig. 5a , a sharp endothermic peak was observed in the region of 211-216°C for free IMT, which represents the temperature range corresponding to the melting point of the drug. No such peak was observed in the case of IMT-SLN, rather a small endothermic peak was observed close to 55-60°C, which could be associated with that of the solid lipid. The disappearance of the endothermic peak associated with free drug in the case of IMT-SLN supported the assumption that the drug was well encapsulated within the carrier system either in molecularly dispersed state or in amorphous state (13, 33) . XRD pattern of IMT-SLN, along with XRD patterns of free IMT and PcA, is shown in Fig. 5b . As can be clearly observed in Fig. 5b , characteristic peaks associated with IMT appeared at 17.2, 18.1, 19.7, 21.1, 24.2, and 25.3, which were in agreement with data from a previous report (2) . These characteristic peaks did not appear in the case of IMT-SLN, which provided additional support to the assumption that the drug was well encapsulated within the carrier system either in molecularly dispersed state or in amorphous state (33) .
Physical Stability Study
To observe the physical stability profile of the system, physical stability study on the IMT-SLN system was conducted over a period of 60 days upon storage at temperatures of 4 and 22°C.
Tabulation of the variations in S z , PDI, and EE over the period of storage is shown in Table VIII . As shown in the table, while the system showed minimal changes in terms of S z , PDI, or EE, and thereby, exceptional stability upon storage at 4°C, it showed marginal changes in S z , PDI, and EE upon storage at 22°C. This behavior of the system was expected, as upon storage, lipid nanoparticles generally show an increase in size and decrease in encapsulation (33, 34) . Nevertheless, the system remained well within the acceptable ranges of all parameters at 22°C, showing good stability upon storage at room temperature as well. However, because the storage stability All observed values are expressed as mean±SD PDI polydispersity index, EE encapsulation efficiency Fig. 6 . In vitro drug release profile of the IMT-SLN system was considerably better at 4°C, storage of IMT-SLN in a refrigerator at 4°C was recommended.
In Vitro Release Study
The in vitro release profiles of IMT from IMT-SLN at pH 7.4 and pH 5.0 are shown in Fig. 6 . The cumulative drug release was expressed as percentage of total drug and demonstrated as a function of time. IMT-SLN showed a sustained drug release pattern at both pH 7.4 and pH 5.0. However, the rate of IMT release from IMT-SLN was markedly higher at pH 5.0, compared to pH 7.4. Tumor tissues have been reported to show pH levels in the acidic ranges, and the accelerated rate of drug release at lower pH indicates that IMT-SLN remains relatively stable in circulation while undergoing physicochemical changes inside tumor tissues to permit localized drug release inside the tumor environment (35, 36) .
The in vitro release data at pH 7.4 and pH 5.0 were fitted to four mathematical models: zero-order, first-order, Higuchi, and Korsmeyer-Peppas models using KinetDS 3.0 software. The respective rate constant (K) and correlation coefficient (r 2 ) values, along with the release exponent (n) values for the Korsmeyer-Peppas model, are shown in Table IX . Mathematical modeling of the in vitro release data demonstrated that IMT release from IMT-SLN followed the Korsmeyer-Peppas model, as indicated by the maximum corresponding r 2 values of 0.9979 and 0.9729 for release at pH 7.4 and pH 5.0, respectively. The release exponent (n) values of 0.5254 and 0.4652 (greater than 0.45) indicate that the drug release mechanism followed anomalous or non-Fickian diffusion, involving drug diffusion from the lipid core as well as erosion of the lipid core (37, 38) .
CONCLUSIONS
In the current study, a combination of two experimental design approaches was used for optimization and preparation of IMT-SLN: PBD for initial screening for identification of the most significant variables and BBD for optimization of the variables found to be significant by PBD. Use of the aforementioned experimental design approach enabled a clear understanding of the effects of various formulation variables on IMT-SLN characteristics and accurate prediction of the relationships between them and was thereby helpful in successfully optimizing the formulation variables for preparation of IMT-SLN showing excellent physicochemical and in vitro drug release characteristics. 
